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Abstract 

An SOI CMOSFET with a variable threshold-voltage (V (h ) is 
proposed for fabricating power-managed low-power and high-speed 
sub-l-V ULSIs. An experimental SOI CMOS nng-oscillator with 
0.7-um-Iong gates and a variable-Vth function, fabricated using 0.5- 
um processes, showed 46% shorter propagation delay than that for 
bulk CMOSs and 29% shorter delay than that for conventional SOI 
CMOSs' under 1-V-opcration with almost the same power 
consumption. These remarkable improvements result from the 0.5- 
V-Jower variable V th and larger drain current of the SOI CMOSFET. 

Introduction 

Progress in ULSI technologies has led to the introduction of 
portable information terminals, such as PDAs and PDCs. These 
portable information terminals require low-power and high-speed 
ULSIs because of their weak power-source and their need for 
massive data processing. Several power management schemes have 
therefore been introduced. We have developed a variable- Vov SOI 
MOSFET using a simple process that fits these scheme. This 
MOSFET has the largest drain current in active mode with the 
same current-leakage in stand-by mode of all bulk- and SOI- 
MOSFETs, as shown in Fig. 1. 

Fabrication Process Steps 

The fabrication process steps are shown in Fig. 2, First, the back 
gate electrodes are simply formed by P-ion implantation in a p+ Si * 
substrate (with a concentration of 3 « 10»7 cm-3) through a 6r>nm- 
thick Si layer and a tOO-nm-thick buried Si0 2 layer. This enables 
independent substrate biases, i.e., positive biases for nMOSFETs and 
negative biases for pMOSFETs, to be applied through the back gate 
electrodes and the p+ Si substrate. As only adding one mask process 
and one ion implantation process enables to make the variable V t h 
SOI CMOSFETs, the process is much simpler compared with the 
previously rcported[l]. The LOCOS process is used to achieve 
isolation, followed by U-nm-thick gate-SiOi formation, 
comparatively deep non-uniform channel implantations [2], and 
WSi2/poly Si duat-gate-elcctrode formation, i.e., n+ poly Si for 
nMOSFETs and p+ poly Si for pMOSFETs. Finally, W and Al layers 
are formed for the 1st and 2nd level wirings, respectively. 

Experimental results 

Figure 3 shows the simulated back-gate-voltagc (Vb B ) 
dependence on V th of SOI nMOS.FETs with SOI thicknesses of 20 
to 70 nm, The same channel implantations with a BF 2 dose of 3 x 
1012 cm .2 were applied to all devices. The simulated results show 
that a 2-V V b g change results in an approximately 0.3 5-V V* 
change for these devices. t . 

The experimental V lh values before and after V bg biasing in the 
fabricated SOI CMOSFETs are shown as a function of effective 
channel length (L cfl ) in Fig. 4, The V lh values for bulk CMOSFETs 
are also shown. A Vb B of -2 V was chosen for the normal condition 
in the pMOSFETs because this value corresponds to the normal 
• condition of a pMOSFET in an SOI CMOS inverter with a grounded 
substrate operating at 2 V. The measured Vth shifts of about -/•>• 0.5 
V for long-channel n- and pMOSFETs after Yt, B biasing are much 
larger than previously reported [1] [3] because of our devices' 
comparatively thicker gate oxide and thinner buried oxide. The 
values are large enough for power-managed applications. 

The drain current in the V^-biased SOI MOSFETs showed 30% 
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(n-ch) and 24% (p-ch) more current than those in unbiased (0 V for 
n-ch and -2 V for p-ch) SOI devices, as shown in Fig. 5. 

A photograph of a 51 -stage unloaded CMOS ring- oscillator 
(R/OSC) with fabricated back-gate electrodes is shown in Fig. 6. 
The propagation delay (t pd ) of the R/OSCs with 0.5-um-long and 
0,7-um-iong gates is shown in Fig. 7 as a function of the power 
9upply voltage (V cc ). The t . decreased after biasing the back gates. 
The difference in tpd between biased (high-speed mode) and 
unbiased (low-power mode) R/OSCs with 0,5-u.m-long gates at V« 
» 1 V was about 20 ps/gate (18% t p d in low-power mode), while 
that at V cc 13 2 V was only 6 ps/gatc (8% t p d in low-power mode). 
The smaller the Vcc, the larger the t pti decrease. The 0.7-um-gale 
R70SC showed a much better t pd . The t P j difference at V cc + l_ v 
became 60ps/gate (29% t p< j in low-power mode) and that at Vcc - 2 

V became 17 ps/gate (15% t pt i in low-power mode). These 
improvements result from the smaller V lh -lowering characteristics of 
0.7-um nMOSFETs, as shown In Fig. 4. 

Discussion 

When considering a portable information terminal using power- 
managed ULSIs, the speed in high-speed mode and the power 
consumption in low-power mode should'be defined as those for the 
terminal itself. (Here we assume the terminal usually operates in low- 
power mode) Figure 8 compares the propagation delay of a bulk 
CMOS R/OSC with that of a power-managed SOI CMOS R/OSC, 
which usually operates in low-power mode and operates in high- 
speed mode only when required. The t pt j of the power-managed 
R/OSC with 0.7-um gates operating at V tt = 1 V was about 54, o 
that of the bulk R/OSC under almost the same power consumption. 
Moreover, in the SOI CMOS ring-oscillator, the t pc i improvement is 
better in the lower V cc region. 

Table 1 summarizes the t pd s and power consumptions of bulk 
and SOI CMOS R/OSCs operating under various conditions. The 
power-managed SOI R/OSC showed superior characteristics both in 
tpd and power consumption. 

Conclusion 

We have proposed a variabIe-V lh SOI-CMOSFET with simple 
implanted back-gate electrodes and have fabricated one using 0.5-n 
m processes. These CMOSFETs showed 0.S-V lower V^ and 30/o 
(n-ch) and 24% (p-ch) more current in high-speed mode, i.e., when 
the back gates are biased, compared with those in a low-power 
(standard) mode, The propagation delay of a power-managed SOI 
CMOS ring-oscillator with 0.7-um-tong gates operating at V cc - 1 

V was about 46% smaller than that of a bulk R/OSC under almost 
the same power consumption. In the SOI CMOS ring-oscillator, the 
tpu improvement is better in the lower V^ region, 
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Figure 3 Back-gate-vollage dependence on 
threshold voltage (simulation). 



nMOSFET 



Bulk 




V,»2V 
1^-1 nA/pm 



0.1 



1.0 

Lair (pm) 



10 



-0.4 
-0,2 
0 

s 

* 0.4 

0.3 
0.6 
1 



pMOSFETx 




Bulk / 




a 




- / 

U 


3 1 nA/pm 



10000 °- 10 1M 1000 10000 

Power dissipation (yW/GHz*gate) Power dissipation (uW/OHz-gale) 
(Low-power mode) (Low-power mode) 

Figure 8 Propagation delay (high-speed mode) vs. power 
dissipation (low-power mode). 

Table 1 Propagation dela y and power dissipation. 
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